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a b s t r a c t
Human biomonitoring (HBM) is an important tool, increasingly used for measuring true levels of the
body burdens of environmental chemicals in the general population. In Europe, a harmonized HBM
program was needed to open the possibility to compare levels across borders. To explore the prospect of
a harmonized European HBM project, DEMOCOPHES (DEMOnstration of a study to COordinate and
Perform Human biomonitoring on a European Scale) was completed in 17 European countries. The basic
measurements performed in all implemented countries of DEMOCOPHES included cadmium, cotinine
and phthalate metabolites in urine and mercury in hair. In the Danish participants, signiﬁcant
correlations between mothers and children for mercury in hair and cotinine in urine were found.
Mercury in hair was further signiﬁcantly associated with intake of ﬁsh and area of residence. Cadmium
was positively associated with BMI in mothers and an association between cadmium and cotinine was
also found. As expected high cotinine levels were found in smoking mothers. For both mercury and
cadmium signiﬁcantly higher concentrations were found in the mothers compared to their children. In
Denmark, the DEMOCOPHES project was co-ﬁnanced by the Danish ministries of health, environment
and food safety. The co-ﬁnancing ministries agreed to ﬁnance a number of supplementary measure-
ments of substances of current toxicological, public and regulatory interest. This also included blood
sampling from the participants. The collected urine and blood samples were analyzed for a range of
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other persistent and non-persistent environmental chemicals as well as two biomarkers of effect. The
variety of supplementary measurements gives the researchers further information on the exposure
status of the participants and creates a basis for valuable knowledge on the pattern of exposure to
various chemicals.
& 2014 Elsevier Inc. All rights reserved.
1. Introduction
In the last decades, human biomonitoring (HBM) has been
increasingly contributing to policy legislation and regulations
related to restrictions of environmental toxicants in consumer
products and food. HBM can include both concentration measure-
ments of pollutants in humans (biomarkers of exposure) and
measurements of biological changes (biomarkers of effects)
(Angerer et al., 2007). In Europe, several countries have national
biomonitoring programs (Castaño et al., 2012; Cerna et al., 2012;
Frery et al., 2012; Hohenblum et al., 2012; Kolossa-Gehring et al.,
2012; Schoeters et al., 2012), however, a large program across
European borders has been lacking. To improve and harmonize
human biomonitoring (HBM) in Europe, the European pilot project
DEMOCOPHES (DEMOnstration of a study to COordinate and
Perform Human biomonitoring on a European Scale) was planned
and performed in 17 European countries (Becker et al., 2014; Joas
et al., 2012). The 17 countries participating were Denmark,
Belgium, Cyprus, Czech Republic, Germany, Hungary, Ireland,
Luxembourg, Poland, Portugal, Romania, Slovenia, Slovak Republic,
Spain, Sweden, Switzerland and United Kingdom. Sampling was
performed simultaneously in all countries from September 2011 to
February 2012. The project involved collection of ﬁrst morning
urine void and hair sampling of school-children aged 6–11 years of
age and their mothers. The mothers ﬁlled in a questionnaire
regarding lifestyle, dietary habits and exposure risks. In the basic
scenario of DEMOCOPHES, mercury was measured in hair, and
cotinine, phthalate metabolites and cadmium were measured in
the urine. Furthermore, creatinine was measured in urine and was
used to adjust the aforementioned substances for urine concen-
tration. In six countries, including Denmark, bisphenol A (BPA) was
measured as an additional chemical in the urine (Covaci et al., in
this issue). In Denmark the ministries of health, environment and
food safety supporting and co-ﬁnancing the DEMOCOPHES pro-
gram in Denmark, requested and ﬁnanced an expansion of the
basic scenario. Additional measurements of substances of current
toxicological, public and regulatory interest were therefore
included in the Danish sub-study of DEMOCOPHES. The expansion
of the scenario included blood sampling of the participants. This
opportunity to measure a variety of chemicals in the same
participants was unique and could be managed without much
additional effort to the already planned collection of samples
within the DEMOCOPHES project.
In the present paper, results from the measurements of
mercury, cadmium and cotinine in the Danish DEMOCOPHES
participants are reported in relation to lifestyle factors. Further-
more, the Danish results are compared to the total European
DEMOCOPHES results. The extended scenario of the Danish
DEMOCOPHES contribution is described and discussed with
regards to future possibilities of HBM programs and enabling of
more qualiﬁed risk assessment of exposure patterns of toxic
environmental pollutants. Measurements of phthalate metabolites
in the Danish DEMOCOPHES participants have been published
previously together with the supplementary urinary measure-
ments (Frederiksen et al., 2013b; Nielsen et al., 2014). Detailed
results of the supplementary measurements in the blood samples
are also described in individual publications (Mørck et al., 2014a;
Mørck et al., 2014b).
2. Material and methods
2.1. Recruitment of study participants
The recruitment was performed in compliance with the COPHES protocol
(Becker et al., 2014). In Denmark, the recruitment was accomplished via local
schools in the selected areas. Schools were contacted and collaboration was
established. Recruitment was carried out via the school intranet where an
invitation to participate in the project was sent out to all parents of children in
the age-group of 6 to 11 years of age. Information about the Danish DEMOCOPHES
project was included in the e-mail and given orally at parent meetings. Mothers
could sign up for participation and book an appointment for sampling on a project
website, where they could also ﬁnd additional information about DEMOCOPHES. To
reach the required number of participants the sampling was expanded to include
additional schools in each area and articles in local newspapers were used to
increase local attention to the project. The two areas of recruitment in Denmark
were Gentofte representing the urban area, and Viby Sjælland representing the
rural area. Rural and urban areas were selected according to population density,
whereo150 inhabitants/km2 was deﬁned as rural.
The following inclusion criteria were used: the child should be living with the
mother a minimum of 16 days a month, the child and mother should have lived in
the area for a minimum of 5 years, have sufﬁcient Danish language knowledge and
have normal kidney function and no metabolic disturbances. The goal of DEMO-
COPHES was to reach 120 mother- child pairs in each country. In Denmark, 75
mother-child pairs from the urban area and 70 couples from the rural area were
recruited, resulting in 145 mother-child pairs in total. The children were equally
distributed in age, gender and urban/rural location. All participants received
detailed written information about the study and gave informed consent before
participating (for the child, all holders of custody should sign). The study was
approved by the local regional ethics committee (H-3–2011-075) and the Danish
data protection agency (2011-41-6607 and 2011-41-6766).
On the day of sampling, the completed questionnaire was handed in along with
ﬁrst morning urine samples. At the appointment hair samples were taken, and
blood was drawn from the cubital vein. Mother-child pairs participating in a
supplementary study on pain and self-medication were interviewed at the end of
the visit. Sampling was conducted in parallel in the urban and the rural area from
September to December 2011 to minimize seasonal variation.
2.2. Urine samples
Denmark participated in the development of the COPHES protocol, and the
basic scenario chemicals for urine analysis (cotinine, cadmium and ﬁve phthalate
metabolites as well as bisphenol A) were measured in laboratories which obtained
successful results in the quality control program in DEMOCOPHES (Schindler et al.,
2014, Esteban et al., in this issue)
The measurement of cotinine in urine was performed after solid phase
extraction of the compound followed by quantitation on LC-MS/MS method with
electrospray ionization (ESI) and single reaction monitoring (SRM) data acquisition
(manuscript in prep). Creatinine was determined enzymatically on an Abbott
Architect C8000 Clinical Chemistry Analyzer (Abbott Diagnostics, Lake Forrest,
IL). The measurement of cadmium in urine was performed as previously described
(Cañas et al., 2013). The urinary levels of cadmium and cotinine were adjusted for
creatinine content in urine.
In Denmark the urinary measurements were expanded to include in total 15
phthalate metabolites (monoethyl phthalate (MEP), mono-iso-butyl phthalate
(MiBP), mono-n-butyl phthalate (MnBP), monobenzyl phthalate (MBzP), mono(2-
ethylhexyl) phthalate (MEHP), mono(2-ethyl-5-hydroxyhexyl) phthalate (MEHHP),
mono(2-ethyl-5-oxohexyl) phthalate (MEOHP), mono(2-ethyl-5-carboxypentyl)
phthalate (MECPP), mono-n-octyl phthalate (MOP), mono(3-carboxypropyl)
phthalate (MCPP), mono-iso-nonyl phthalate (MiNP), mono(hydroxy-iso-nonyl)
phthalate (MHiNP), mono(oxo-iso-nonyl) phthalate (MOiNP), mono(carboxy-iso-
octyl) phthalate (MCiOP) and mono-iso-decyl phthalate (MiDP)), seven parabens
(methylparaben, ethylparaben, n-propylparaben, iso-propylparaben, iso-butylpar-
aben, n-butylparaben and benzylparaben) and beside bisphenol A also eight other
phenols (triclosan, triclocarban, benzophenone-3, 2,4-dichlorophenol, 2,5-dichlor-
ophenol, 2,4,5-trichlorophenol, 2-phenylphenol and 4-phenylphenol). Description
of the analysis was published elsewhere (Frederiksen et al., 2013a; Frederiksen
et al., 2010, 2011; Frederiksen et al., 2013b). Finally, the urine samples were
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analyzed for the analgesic paracetamol, N-acetyl-4-aminophenol, which is
published elsewhere (Nielsen et al., 2014).
The samples were collected following the protocol developed by the consor-
tium (Becker et al., 2014). The laboratory analyses of the supplementary measure-
ments were not subject to the same quality control as the compounds measured
within all DEMOCOPHES countries (Schindler et al., 2014). They were, however,
performed by the same certiﬁed laboratory at the Copenhagen University Hospital
(Rigshospitalet, Copenhagen, Denmark) which also analyzed the samples for the
phthalate metabolites included in DEMOCOPHES. For quality assurance the data
was peer reviewed and published prior to feed back to the participants and the
ministries (Frederiksen et al., 2013b). The paracetamol levels in urine were
measured at Institute for Prevention and Occupational Medicine of the German
Social Accident Insurance (Institute of the Ruhr-Universität Bochum, Bochum,
Germany) according to previously published methods (Modick et al., 2013;
Dierkes et al. 2014).
2.3. Hair samples
Hair samples were analysed at the Department of Public Health, University of
Southern Denmark, in a laboratory that participated and showed successful results in
the hair analysis external quality assessment exercises within DEMOCOPHES
(Esteban et al., in this issue). The measurement of mercury in hair was determined
on a Flow Injection Mercury System 400 (Perkin Elmer, Waltham, MA) in the 3 cm
of the hair closest to the scalp according to the method previously described
(Grandjean et al., 1992).
2.4. Blood samples
On the day of sampling, blood was collected after handing in the questionnaire
and urine samples. The venipunctures were performed by a trained biomedical
laboratory technician, who was experienced in blood sampling from children. All
children were offered local anesthetic cream prior to the puncture and it was
explained that blood sampling was completely voluntary and that the participants
could decline at any time. Approximately 20 mL blood was drawn in EDTA K3
plasma tubes for analysis of persistent organic pollutants (POPs) and centrifuged
immediately for 10 min at 2000 g. Plasma was transferred to 5 ml PP cryo tubes and
stored in a cooling box (4 1C) until arriving in the laboratory where it was stored at
20 1C until analysis. The samples were analysed for plasma concentrations of
polychlorinated biphenyls (PCBs) (Mørck et al., 2014a), perﬂuoroalkyl substances
(PFASs) (Mørck et al. 2014b) and polybrominated diphenyl ethers (PBDEs) (unpub-
lished) at the University of Southern Denmark, which was also the DEMOCOPHES
certiﬁed laboratory for mercury, cotinine and creatinine. 2 mL of blood was drawn
in sodium heparin tubes for micronucleus (MN) analysis and stored in a cooling
box. When arriving at the laboratory MN cell cultures were prepared from the
blood. Micronuclei frequency in the lymphocytes was analyzed by Kim Vande
Loock as described previously (Merlo et al., 2014; Vande Loock et al., 2011). Finally
10 mL blood was drawn in silica serum tubes for dioxin-like activity analysis. The
tubes were left for one hour at room temperature to coagulate and then centrifuged
for 10 min at 2000 g. Serum were transferred to Supelco tubes and stored in a
cooling box until arriving at the laboratory where they were stored at 80 1C until
further analysis at Aarhus University. The method is described in detail previously
(Mørck et al., 2014a). In total, blood samples from 143 mothers and 123 children
were collected, as the decline to venipuncture was respected. Not all samples from
the children were complete due to insufﬁcient blood ﬂow.
2.5. Questionnaires
The basic questionnaire and the urine-sampling related questionnaire devel-
oped within the COPHES framework were translated into Danish to ensure that
there was no language barrier. Questions regarding exposure relevant behavior
related to the supplementary chemicals were included in the Danish questionnaire
as part of the ﬁnal questionnaire sent out to the participants. The additional
questions were designed to increase the gained information on living conditions of
the participants in relation to trafﬁc exposure, as well as more detailed dietary
exposure and use of speciﬁc personal care products such as sunscreen and
antibacterial products. The questionnaires were ﬁlled in at home and handed in
at the day of the sampling with an on-site dialog on potential non-response
questions which were then resolved. Hereafter the blood sampling was performed
and the participants were asked to participate in a supplementary study regarding
pain and medicine use. This was described in detail previously (Jensen et al., 2014).
All parents receiving the invitation to participate, but did not wish to take part in
the DEMOCOPHES study, were encouraged to ﬁll in a non-responder questionnaire
which was located at the website for registration.
2.6. Feedback of results to study participants
After results were obtained for the measured chemicals, the Danish and
European average results were sent out to the participants by mail. The material
also included the results of the supplementary urine measurements. The partici-
pants were invited to an information meeting, where the results were explained,
and the participants had the opportunity to ask questions. The letter also included a
response letter including a few additional questions as well as a request for their
personal Danish registration number (CPR) and an acceptance form, where
permission could be given to follow-up in future studies. Finally, a form to ﬁll in
if participants wished to know their individual results was included. If this was the
case, a new letter with individual results of the urine and hair analyses was sent to
the requesting participants.
2.7. Statistics
In the present paper, statistical analysis was performed only on the data from
the basic scenario. Differences between the Danish and European levels of
cadmium, cotinine and mercury were tested by means of ANOVA. Correlations
between the chemical levels in mothers and children and the concentrations in
relation to age were tested by Spearman's rho. Differences between mothers and
their children were assessed by Wilcoxon matched-pair signed-rank test. Associa-
tions of the levels of mercury in hair and cadmium in urine with relevant questions
from the basic questionnaire were analyzed with logistic regression. The mercury
and cadmium concentrations were dichotomized according to the median
(0.27 mg/g hair in children and 0.44 mg/g hair in mothers) and the 75th percentile
(0.04 mg/g creatinine for children and 0.2 mg/g creatinine for mothers), respectively.
Samples below LOD were given the value of 0.5 LOD. For mercury the regression
model included area, consumption of ﬁsh, saltwater ﬁsh, shellﬁsh, freshwater ﬁsh
and other seafood, BMI and level of education. Confounders adjusted for in children
included age, gender, object containing mercury ever broken in house, language
and mercury in mothers. For mothers confounders included age, amalgam ﬁllings,
use of make-up and eye make-up and object containing mercury ever broken in
house. For cadmium the regression model included area, consumption of ﬁsh,
shellﬁsh, freshwater ﬁsh, rice, offal, meat, cereal, home grown food, level of
education and BMI. The model for children was additionally adjusted for age,
gender, smoking status of mother, passive smoking at home, painting at home
within the last 4 weeks, source of drinking water, language, source of heating for
cooking and mothers cadmium level. Confounders in the mothers were age,
smoking status, passive smoking, painting at home, source of drinking water and
source of heating for cooking. All statistical analyses were performed in IBM SPSS
statistics version 20.
3. Results and discussion
The basic characteristics of the Danish DEMOCOPHES partici-
pants are shown in Table 1. In Denmark, 75 mother-child pairs
from the urban area and 70 mother-child pairs from the rural area
were recruited. The children were equally distributed according to
age-group, gender and area. After feedback of results, 77%
returned the additional questionnaire and of these, two mothers
and eight children did not wish to give their personal registration
number for future reference. Four mothers did not wish to receive
the individual results. Among the recruited participants, 143 (99%)
mothers and 123 (85%) children donated blood samples. The
distribution of blood donation according to age and gender can
be seen in Fig. 1. Younger children were more likely not to donate
blood, and this was not dependent on gender. Reasons for not
donating blood samples were simple decline, dizziness, failure of
venipuncture/drawing of blood and fear of the needle among
children.
The main difference between the protocol developed within
the COPHES framework and the protocol used in the Danish part of
DEMOCOPHES was the addition of the blood sampling. We also
chose self-registration online, thus depending on that mothers
take the initiative and sign up via the internet. We did not contact
potential participants personally by mail or telephone calls, how-
ever e-mail invitations were sent out to potential participants
via the schools intranet. This turned out very successful for
recruitment in the particular target group and we ended up with
145 mother-child couples, thus 25 more than the minimum
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requirements of 120 set by DEMOCOPHES framework. The contact
via school intranet and press announcements in local newspapers
of the DEMOCOPHES project was reliant on active enrollment and
consequently resulted in a low response-rate on the non-
responder questionnaire. Only seventeen mothers completed the
non-responder questionnaire, with several different answers for
not participating. This questionnaire could therefore not be used
for any conclusions regarding not wishing to or being able to
participate in the study.
The internet recruitment and active enrollment may result in
bias regarding the socioeconomic status of the participants as well
as recruitment of already health enthusiastic participants. How-
ever, in Denmark it is most common to use the internet as
a platform for information and school-parent communication.
Therefore this was an obvious and effective way to contact
potential participants.
3.1. Ethics
The project was approved by the the local regional ethics
committee and the Danish data protection agency (see 2.1). During
the sample collection special attention was given to the blood
sampling of the children. Blood was drawn by experienced
technicians and great care was taken to give the children the best
possible experience. If there was any kind of discomfort, the
procedure was stopped immediately and the child was taken care
of. This resulted in a less complete set of blood samples compared
to the urine samples; however, the well-being and emotional
experience of the children was of highest priority. Furthermore,
some blood samples from the children did not contain sufﬁcient
blood for analysis of all supplementary blood measurements.
This explains why the PCBs are measured in 116 children whereas
for example dioxin like activity is measured in 120 children
(see Table 1).
3.2. Results from the basic DEMOCOPHES scenario in Denmark
The geometric means and 95% conﬁdence interval of mercury,
cadmium and cotinine of the Danish mothers and children with
comparative values for the European study are shown in Table 2.
3.2.1. Mercury
Mercury was found in the hair of almost all Danish participants
(mothers 98.6% and children 97.9%, see Table 3) and ranged from
below limit of detection (LOD) (0.04 mg/g) to 2.822 mg/g hair in
mothers and oLOD to 1.335 mg/g hair in children. The geometric
mean (GM) was 0.249 mg/g in children and 0.420 mg/g in mothers,
the mercury in mothers being signiﬁcantly higher compared to the
children. Furthermore, for the mothers there was a signiﬁcant
correlation between age and mercury level (ρ¼0.247, po0.01).
The increase in mercury with age has also been found in other
studies (Chien et al., 2010; Dorea et al., 2003) and is presumably
caused by the cumulate nature of mercury. A signiﬁcant correla-
tion between the mercury hair levels in mothers and children was
also found (Spearman's rho ρ¼0.509, po0.001), indicating family
related exposure sources.
The results of the statistical analysis of the Danish measurements
of mercury in hair in relation to lifestyle factors are shown in Table 4.
Analysis of logistic regression showed that area of residence is the
most predictive factor of the mercury level in hair in the mothers, also
Table 1
Characteristics of the Danish DEMOCOPHES participants including feedback results and request of personal results.
Children Mothers
urban rural all urban rural all
n 75 70 145 75 70 145
Age (years) (Mean) 8.5 (6–11) 8.5 (6–11) 8.5 (6–11) 41.9 (31–52) 39.9 (31–50) 40,9 (31–52)
Sex (n) 35♂, 40♀ 35♂, 35♀ 70♂, 75♀ – – –
BMI (body mass index) (mean) 15.871.2 16.672.33 16.272.3 22.172.7 24.875.7 23.474.6
Blood samples (n) 61 62 123 73 70 143
Feed back results (no CPRnn) (n) 62 (5) 50 (3) 112 62 (1) 50 (1) 112
Requested personal data (n) – – – 73 68 141
Fish consumptionn (n)
Several times a week 27 29 57 43 21 64
once a week 41 35 76 16 22 38
less than once a week 7 6 13 16 27 43
Saltwater ﬁsh (n)
Weekly 36 27 73 36 32 68
monthly 32 29 61 35 27 62
Less than once a month 7 14 21 4 10 14
Smokers (n) – – – 6 12 18
Rice (n)
Often 32 22 54 52 50 102
Almost never 43 48 91 23 19 42
n Total consumption of ﬁsh (saltwater ﬁsh, freshwater ﬁsh, shellﬁsh and other food from the sea or lake).
nn CPR is the Danish registration number. Not all participants agreed to give their CPR for follow up.
Fig. 1. Number of blood samples from children distributed in age and gender.
Younger children were more likely not to donate blood samples. There was no
difference in gender.
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after adjusting for age, amalgam ﬁllings, language, use of make-up and
mercury-containing broken object. Mothers living in the urban area
had a 5 times higher risk of having a high mercury level above set
threshold (Table 4). Mercury levels were also positively associated
with consumption of saltwater ﬁsh among the mothers, with mothers
eating saltwater ﬁsh weekly having a 3 times higher risk of a high
mercury concentration in hair (Table 4). Positive correlation was also
observed between mercury level and overall ﬁsh consumption (salt-
water ﬁsh, freshwater ﬁsh, shellﬁsh and other seafood) in the children,
however with a less clear picture since children eating ﬁsh weekly
actually had a higher risk of a high mercury concentration compared
to children eating ﬁsh daily. The lowest risk was, however, still found
in children eating ﬁsh less than weekly (Table 4). The association with
increased intake of ﬁsh and higher levels of mercury in hair is well
established (Björnberg et al., 2005; Jenssen et al., 2012; Passos et al.,
2007) and was also present in the total DEMOCOPHES population
(Den Hond et al., 2014 submitted for publication). As can be seen in
Table 1, mothers in the urban area eat ﬁsh more frequently compared
to mothers in the rural area. This may explain the higher levels of hair
mercury found in the urban mothers. Urban and rural children have
similar frequencies of ﬁsh consumption, which may explain why we
do not ﬁnd signiﬁcant differences in child mercury levels between the
living areas.
The mercury concentrations in hair of the Danish mothers
and children were signiﬁcantly higher compared to the average
European level (Table 2), possibly due to the relatively high
consumption of ﬁsh in Denmark, compared to the other partici-
pating countries (Den Hond et al., 2014 submitted for publication;
Castaño et al., in this issue).
3.2.2. Cadmium
Cadmium was detected in 32.6% of the children and 91.6% of
the mothers (Table 3). The geometric mean (GM) of cadmium in
children was 0.021 mg/L and levels ranged from oLOD (0.004 mg/
L) to 0.27 mg/L. In mothers the concentrations were signiﬁcantly
higher with a GM of 0.115 mg/L and range from oLOD to 1.09 mg/L
(see Table 2). Also in mothers, a positive correlation with cadmium
levels adjusted for creatinine and age was found (ρ¼0.256,
po0.01). Cadmium accumulates in the human body and the
increase in urinary cadmium levels with age has been found
consistently (Nikic et al., 2005; Olsson et al., 2002; Pirard et al.,
2014; Richter et al., 2009) and was also seen in the total European
DEMOCOPHES population (Den Hond et al., 2014 submitted for
publication). There was no signiﬁcant correlation between the
cadmium levels in mothers and children. Furthermore, smoking
mothers had signiﬁcantly higher levels of cadmium in the urine
(po0.001) compared to non-smoking mothers. Increased levels of
cadmium in the urine of smokers is also well established (Jarup,
2003). A signiﬁcant correlation between cadmium and cotinine
was found in the present data for both mothers (ρ¼0.214,
po0.05) and children (ρ¼0.208, po0.05) for creatinine adjusted
concentrations. After adjusting for possible confounders the best
predictor for high levels of cadmium in the urine of the Danish
mothers was BMI (Table 5). However, a negative association
between consumption of meat and high cadmium levels was also
found (see Table 5). The association between BMI and cadmium
may be due to the fact that people with higher BMI consume more
food and hence increase their exposure to cadmium as the main
route of exposure is through the diet. For children a negative
relation between consumption of cereal and belonging to the
group with highest cadmium level was found. While a positive,
however statistically insigniﬁcant correlation between consump-
tion of rice and high cadmium levels in urine was seen (see
Table 5). The negative relationship between cereal consumption
and cadmium is opposite of what would be expected as cereal isTa
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Table 3
Detection frequencies of the chemical compounds or biomarkers measured in the participants in percent.
Urine
Phthalate
metabolites
LOD
(ng/mL)
Mother
(n¼145)
Child
(n¼143)
Parabens LOD
(ng/mL)
Mother
(n¼145)
Child
(n¼143)
Phenols LOD
(ng/mL)
Mother
(n¼145)
Child
(n¼143)
Others LOD
(ng/mL)
Mother Child
MEP 0.53 100 100 Methylparaben 0.26 90 63 Bisphenol A 0.12 97 93 Cadmium 0.004 92 (n¼142) 33 (n¼141)
MiBP 1.10 100 100 Ethylparaben 0.40 66 50 Triclosan 0.06 80 79 Cotinine 0.3 54 (n¼143) 40 (n¼143)
MnBP 1.43 100 100 n-Propylparaben 0.18 15 3 Triclocarban 0.01 25 28
MBzP 1.14
92 97 i-Propylparaben 0.18 83 46 Benzophenon-3
0.07 98 97
Paracetamol 0.25 100 (n¼145) 99.3
(n¼145)
MEHP 0.14 91 92 i-butylparaben 0.07 0 0 2,4-dichlorophenol 0.07 86 93
MEHHP 0.91 100 100 n-butylparaben 0.07 39 17 2,5-dichlorophenol 0.07 81 85
MEOHP 0.67 99 100 Benzylparaben 0.18 2 4 2,4,5-trichlorophenol 0.06 14 11
MECPP 0.55 100 100 2-phenylphenol 0.12 52 56
MOP 0.15 5 14 4-phenylphenol 0.13 48 38
MCPP 0.36 99 100
MiNP 0.61 15 17 Hair mg/g
MHiNP 0.26
97 100 Mother
(n¼145)
Child
(n¼144)
MOiNP 0.25 90 99
MCiOP 0.11 100 100 Mercury 0.04 99 98
MiDP 0.69 0 0
Blood
PCBs LOD
(ng/mL)
Mother
(n¼143)
Child
(n¼116)
PFASs LOD
(pg/ml)
Mother
(n¼143)
Child
(n¼118)
PBDE LOD
(pg/ml)
Mother
(n¼143)
Child
(n¼118)
Biomarkers
Mother Child
PCB-28 0.02 56 81 PFOA 0.03 100 100 PBDE-28 0.20 100 100 MN n(n¼119) n(n¼103)
PCB-52 0.02 1.4 7.8 PFHxS 0.03 100 99 PBDE-47 0.25 100 100 AhR-TEQ 65 (n¼143) 56 (n¼120)
PCB-101 0.02 1.4 2.6 PFNA 0.03 100 100 PBDE-99 0.50 100 100
PCB-105 0.02 3.5 3.4 PFDA 0.03 100 100 PBDE-100 0.25 100 100
PCB-118 0.02 79 43 br-PFOS 0.03 100 100 PBDE-153 1.00 100 100
PCB-138 0.02 100 100 n-PFOS 0.03 100 100 PBDE-154 1.00 36 59
PCB-153 0.02 100 99 PBDE-183 2.5 4.2 2.5
PCB-156 0.02 83 49
PCB-180 0.02 100 99
β-HCH 0.02 61 22
HCB 0.02 100 100
o,p0–DDT 0.02 0.7 1.7
p,p0DDT 0.02 64 54
o,p0–DDE 0.02 0 0
p,p0–DDE 0.02 100 100
Metabolites marked in bold was included in the basic scenario of DEMOCOPHES.
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Table 4
The risk of having a mercury level above median in children (0.25 mg/g hair) and mothers (0.42 mg/g hair) due to listed exposures.
Variables
Children Mothers
Effect of individually exposuren Effect of all exposuresnn Effect of individually exposuren Effect of all exposuresnn
n OR 95% CI P-valuea Trendb OR 95% CI P-valuea Trendb n OR 95% CI P-valuea Trendb OR 95% CI P-valuea Trendb
Area
Urban 74 1 75 1 1
Rural 70 0.51 0.21;1.23 0.132 70 0.20 0.08;0.49 0.000 0.19 0.09;0.41 0.000
Fish Consumption
Daily 55 1 (0.082)
0.170
1 (0.014) 64 1 (0.005)
Weekly 76 3.03 1.12;8.17 0.028 2.66 1.18;6.01 0.018 0.524 38 0.25 0.09;0.70 0.008 0.003
Less than weekly 13 1.39 0.26;7.26 0.700 0.54 0.13;2.29 0.403 43 0.22 0.08;0.62 0.004
Saltwater ﬁsh
Weekly 63 1 (0.271)
0.244
68 1 (0.048) 1 (0.013)
Monthly 60 1.05 0.41;2.71 0.922 62 0.34 0.15;0.80 0.014 0.053 0.31 0.14;0.68 0.004 0.016
Less than monthly 21 0.34 0.08;1.43 0.140 14 0.58 0.12;2.81 0.502 0.45 0.12;1.63 0.225
Shellﬁsh
Weekly 11 1 (0.428)
0.207
33 1 (0.450)
Monthly 59 0.51 0.10;2.52 0.409 84 1.43 0.53;3.82 0.478 0.688
Less than monthly 72 0.37 0.08;1.77 0.214 27 0.77 0.23;2.58 0.665
Freshwater ﬁsh
Weekly 10 1 (0.177)
0.071
13 1 (0.077)
Monthly 38 0.17 0.01;2.09 0.166 45 0.14 0.02;0.80 0.027 0.465
Less than monthly 92 0.11 0.01;1.28 0.078 85 0.24 0.05;1.31 0.100
Other seafood
Several times a month 13 1 (0.637)
0.343
18 1 (0.129)
Once a month 20 0.70 0.09;5.46 0.737 33 0.35 0.07;1.79 0.206 0.045
Less than monthly 108 0.49 0.09;2.74 0.412 90 0.22 0.05;1.01 0.051
Tertiary education
No 10 1 17 1
Yes 134 0.49 0.10;2.49 0.387 127 2.70 0.73;9.99 0.138
BMI (kg/m^2)
o17 107 1 108 1
417 35 0.61 0.21;1.77 0.363 36 0.52 0.19;1.42 0.202
OR¼Odds ratio, CI¼Conﬁdence interval.
n Adjusted for childs age and gender, household object containing Hg ever broken in the house, language and mothers Hg.
nn Adjusted for mothers mercury (p¼0.000).
a P-values in brackets (P-value) are for over all tests.
b P-value for test for trend.
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Table 5
The risk of having a cadmium level above 75 percentile in children (0.04 mg/g) and mothers (0.2 mg/g) due to the listed exposures.
Variables
Children Mothers
Effect of individually exposuren Effect of all exposuresnn Effect of individually exposuren Effect of all exposuresnn
n OR 95% CI P-valuea Trendb OR 95% CI P-valuea Trendb n OR 95% CI p-valuea Trendb OR 95% CI P-valuea Trendb
Area
Urban 74 1 1 74 1
Rural 68 2.27 0.85;6.08 0.102 2.91 1.19;7.15 0.020 68 1.62 0.59;4.46 (0.353)
Fish Consumption
Daily 55 1 (0.743)
0.570
63 1 0.204
0.081Weekly 75 0.70 0.28;1.74 0.441 37 1.36 0.43;4.26 0.601
Less than weekly 12 0.84 0.16;4.37 0.839 42 2.56 0.90;7.31 0.079
Freswater ﬁsh
Weekly 10 1 (0.125)
0.050
1 (0.044)
0.018
12 1 (0.218)
0.531Monthly 37 0.78 0.13;4.68 0.787 0.88 0.16;4.90 0.884 45 5.94 0.79;44.62 0.083
Less than monthly 91 0.33 0.06;1.82 0.202 0.28 0.05;1.50 0.137 83 3.74 0.58;23.95 0.164
Shellﬁsh
Weekly 10 1 (0.278)
0.108
32 1 (0.277)
0.132Monthly 59 3.02 0.30;30.10 0.345 83 1.43 0.45;4.48 0.544
Less than monthly 71 4.94 0.50;48.99 0.172 26 3.16 0.74;13.53 0.121
Rice
Often 53 1 1 99 1
Rarely 89 0.50 0.21;1.19 0.118 0.42 0.17;1.01 0.052 42 0.67 0.25;1.79 0.426
Offal
Yes 20 1 25 1
No 121 0.68 0.22;2.09 0.500 115 1.28 0.40;4.08 0.676
Meat
Daily 97 1 77 1 1
Less than daily 45 0.58 0.22;1.54 0.273 64 2.82 1.15;6.92 0.024 3.53 1.34;9.26 0.010
Cereal
Often 121 1 1 104 1
Rarely 20 2.93 0.99;8.65 0.052 3.77 1.22;11.63 0.021 37 0.51 0.18;1.47 0.212
Homegrown Food
Often 46 1 50 1 1
Rarely 96 0.90 0.36;2.23 0.823 91 2.47 0.90;6.79 0.080 2.54 0.89;7.26 0.082
Tertiary Education
No 10 1 16 1
Yes 132 1.08 0.17;6.92 0.934 125 0.62 0.16;2.43 0.489
BMI (kg/m^2)
o17 105 1 106 1 1
417 34 0.65 0.23;1.83 0.411 35 4.58 1.56;13.42 0.006 6.36 2.08;19.41 0.001
OR¼Odds ratio, CI¼Conﬁdence interval.
n Adjusted for childs age and gender, mothers smoking status, passive smoking at home, language, anyone working with paintings/at home within the last four weeks, source of drinking water, use of gas as main source of
heating for cooking, mothers Cd (75 percentile).
nn Adjusted for working with painting/coating in home within the last 4 weeks (p¼0.055).
a P-values in brackets (P-value) are for over all tests.
b P-value for test for trend
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one of the known sources of cadmium. This discrepancy may be
due to no spatial differences exist.
Furthermore, the children in the rural area was of almost
3 times higher (see Table 5) risk at having a cadmium level in
the high level group. This was opposite of what was found with
mercury in the mothers, where mercury was higher in the urban
area. We have also investigated the area differences in the non-
persistent chemicals, where we found no differences, except for
benzophenone-3 and some parabens, which were higher in the
urban area (Frederiksen et al., 2013b). For the POPs, no differences
exists in the level of PFASs, however several of the PCBs were also
higher in the urban area, as were the dioxin like activity (Mørck et
al., 2014a) and MN in mothers. We have found no clear source of
the differences of levels for some of the measured substances;
however, the consumption of ﬁsh may be an explanation also for
the higher levels of PCBs and dioxin-like activity in urban families.
The cadmium levels in the Danish mothers and children are
signiﬁcantly lower compared to the European levels in both rural
and urban areas as well as the total levels (Table 2).
3.2.3. Cotinine
Cotinine in urine was found in 39.9% of the children and 53.8%
of the mothers (Table 2). High cotinine (4200 mg/L) was found in
all mothers who reported smoking. Three mothers reporting to be
non-smokers had high levels of cotinine, but were exposed to
second hand smoke often or used nicotine gum. Children of
smoking mothers and children exposed to other second hand
smoke had elevated levels of cotinine in the urine, however the
highest measured cotinine level in the children was 16.3 mg/L
compared to a maximum level of 3403 mg/L in the mothers. The
Spearman correlation between cotinine in mothers and children
was signiﬁcant for both creatinine adjusted (ρ¼0.408, po0.001)
and non-adjusted (ρ¼0.528, po0.001) cotinine levels.
3.3. Supplementary biomarker measurements in Denmark
The goal of the supplementary measurements was to increase
the knowledge of the exposure of the Danish population to
potential endocrine disrupting chemicals and to explore the
opportunity to envision a pattern of exposure to a large number
of both persistent and non-persistent chemicals. The urinary
analysis was expanded to include seven parabens, nine phenols,
additional phthalate metabolites (Frederiksen et al., 2013b) and
paracetamol (Nielsen et al., 2014). National attention was also
given to persistent organic pollutants (POPs), which can be
measured in blood samples. For information about general popu-
lation levels in Denmark the ministries supported the analysis of
PCBs (Mørck et al., 2014a), PBDEs (unpublished) and PFASs (Mørck
et al. 2014b). The exposure to these compounds was only scarcely
analyzed in Denmark before, while the exposure to the non-
persistent chemicals has previously been analyzed in other seg-
ments of the Danish population (Frederiksen et al., 2014).
Throughout the development of the COPHES project much
interest was also expressed towards biomarkers of effect and as
part of a Danish PhD program analyses of the AhR-TEQ (TCDD toxic
equivalent) in serum samples processed for the analysis of
hormone activity in an in vitro assay (Mørck et al., 2014a) were
included in the study protocol. The blood samples were also
analyzed for frequency of micronuclei (unpublished data) per-
formed in collaboration with the group of Micheline Kirsch-
Volders in Belgium as in previous programs (Merlo et al., 2014;
Vande Loock et al., 2011).
The availability of analytical methods for supplementary mea-
surements at the two analytical facilities enabled our extended
program as ﬁnancial support was also provided from the ministries.
Furthermore, the PhD grant from the University of Copenhagen,
Faculty of Health and Medical sciences to Thit Aarøe Mørck enabled
data processing and publishing. The expanded Danish analysis
program provided a combined HBM study with more speciﬁc
questions and more chemicals analyzed. Combined analyses pro-
vided more possibilities for identifying consumer sources for
human exposure. Finally the blood and urine samples collected
within few hours provide possibilities for additional analysis of
metabolism and distribution of chemicals and as well as a range of
further analyses now and in future. All substances measured in the
Danish DEMOCOPHES participants are summarized in Table 3.
In total concentrations of 63 chemicals/metabolites and two
biomarkers of effects were measured in the Danish DEMOCOPHES
participants (Table 3). Many of the measured chemicals were
detected in the majority of the participants, which clearly shows
that both mothers and children are exposed to numerous different
chemicals simultaneously. This emphasizes the importance of
including as many analytes concurrently in HBM studies as
possible. Because the DEMOCOPHES laboratories in Denmark were
able to perform validated analysis of the chosen supplementary
chemicals and due to willingness of ﬁnancial support by the
Danish ministries, much more information on the exposure status
of the participants was gained, without new recruiting programs.
This enables a unique comparison of the exposure to different
chemicals one may not have combined elsewhere, as well a
possible disclosure of exposure patterns related to certain life-
styles or behavior. Furthermore the information of exposure level
may be used in risk assessment of combined or mixed exposure,
which is of increasing interest because of possible combination
effects of exposure to many chemicals with the same endogen
target or effect at the same time.
4. Conclusion
Results from the Danish basic DEMOCOPHES measurements of
mercury, cadmium and cotinine showed that the Danish participants
are exposed to higher levels of mercury and lower levels of cadmium
compared to the European DEMOCOPHES study population. In Den-
mark, mercury levels are related to ﬁsh consumption, age and area of
residence, whereas cadmium is related to age and cigarette smoking in
mothers. High levels of cotinine were almost only observed in
smokers, as expected. The inclusion of supplementary measurements
in the Danish DEMOCOPHES study complied with the basic protocol
and has resulted in a great range of possibilities for gaining more
knowledge of the exposure to many different substances of toxicolo-
gical interest at the same time. The expanded urinary measurements
and additional analyses of blood samples provided the possibility to
examine the exposure patterns related to lifestyle in a group of Danish
mother-child pairs. The inclusion of measurements of many sub-
stances of interest at the same time using several matrices from the
same person is strongly recommended for future HBM programs. It
creates a unique opportunity to ﬁnd exposure patterns in lifestyle,
living area or behavioral factors that may provide new knowledge on
exposure to many different substances simultaneously. This may also
be important in future risk assessment and evaluations on mixtures of
chemicals.
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